Background-Studies investigating the role of alcohol consumption in the development of abdominal aortic aneurysm (AAA) are scarce. We aimed to examine associations between total alcohol consumption and specific alcoholic beverages and the hazard of AAA. Methods and Results-The study population was made up of 44 715 men from the Cohort of Swedish Men and 35 569 women from the Swedish Mammography Cohort who were 46 to 84 years of age at baseline in 1998. Cox proportional hazards models were used to estimate hazard ratios with 95% confidence intervals for the associations between alcohol consumption, assessed through a food frequency questionnaire, and AAA, identified by means of linkage to the Swedish Inpatient Register and the Swedish Vascular Registry (Swedvasc). Over the 14-year follow-up until December 2011 (1 019 954 person-years), AAAs occurred in 1020 men and 194 women. Compared with the consumption of 1 glass of alcohol per week (12 g of ethanol), the hazard ratio of AAA among men who consumed 10 glasses per week was 0.80 (95% confidence interval, 0.68-0.94). The corresponding hazard ratio among women who consumed 5 glasses per week was 0.57 (95% confidence interval, 0.40-0.82). Among participants free from cardiovascular disease, total alcohol consumption did not seem to be associated with hazard of the disease. The most commonly consumed alcoholic beverages, beer among men and wine among women, were inversely associated, whereas no association was observed for liquor. Conclusions-Moderate alcohol consumption, specifically wine and beer, was associated with a lower hazard of abdominal aortic aneurysm. The associations between higher doses of alcohol and risk of the disease remain unknown. (Circulation. 2014;130:646-652.)
A lthough the effects of moderate alcohol consumption on cardiovascular diseases (CVDs) are well known, [1] [2] [3] [4] abdominal aortic aneurysm (AAA) remains an understudied vascular entity that should not be mislabeled as an atherosclerotic disease, given the differences in pathogenesis and risk factors. 5 To the best of our knowledge, only 2 previous prospective studies have studied the relation between alcohol consumption and AAA risk. Both studies were conducted in selected male populations (restricted to men free from CVDs before and during the study period and to smokers only) and demonstrated inconsistent results. 6, 7 Clinical Perspective on p 652
According to contemporary population-based data from Northern Europe, AAAs are found in ≈2.2% of 65-year-old men [8] [9] [10] and in 0.4% of 70-year-old women. 11 Those diagnosed with the condition and under surveillance with ultrasound can be offered surgical repair to prevent the expanding dilatation of the abdominal aorta from rupturing. 12, 13 The disease accounts for 11 000 yearly deaths in the United States alone 14 and remains an important public health problem in many countries despite international differences in repair incidence. 15 Its origin could be explained by an interaction of hereditary and environmental risk factors, of which male sex, advanced age, and smoking are considered to be the most significant. 8, 16 However, many potential modifiable risk factors remain to be investigated. 5, 16 We sought to investigate the associations between alcohol consumption and specific alcoholic beverages and the hazard of AAA in 2 large population-based prospective cohorts of men and women.
Methods

Study Population
Two population-based prospective cohorts constituted the study populations for this study: the Cohort of Swedish Men and the Swedish Mammography Cohort. In brief, the Swedish Mammography Cohort was established between 1987 and 1990 when all female residents in 2 counties in central Sweden (Västmanland and Uppsala) born between 1914 and 1948 (n=90 303) were invited to complete a questionnaire on diet, alcohol consumption, anthropometrics, and education; 74% completed the questionnaire. In late autumn 1997, all women still alive and living in the study area (n=56 030) received an expanded questionnaire including ≈350 lifestyle-related items. Except for some sex-specific questions, an identical questionnaire was sent simultaneously (1997) to all male residents in 2 counties in central Sweden (Västmanland and Örebro) born between 1918 and 1952 (n=100 303), constituting the Cohort of Swedish Men. Information on smoking, an inevitable confounder in the possible associations between alcohol consumption and AAA hazard, was first included in the 1997 questionnaires, which had a response rate of 70% for the Swedish Mammography Cohort and 49% for the Cohort of Swedish Men. All questionnaires are available online at http://ki.se/en/imm/unit-of-nutritional-epidemiology.
This study was approved by the regional Ethics Review Board at Karolinska Institutet, Stockholm, Sweden. A completed questionnaire was considered to imply informed consent.
Ascertainment of Cases
Cases were defined as incident diagnosis, repair, or death resulting from AAA, identified by linkage of the cohorts to 3 national Swedish Registers. Thus, cases were clinical events and were not based on routine screening of all study participants. Diagnosis was identified through the Swedish Inpatient Register and death was identified through the Swedish National Cause of Death Register by use of the International Classification of Diseases (eighth, ninth, and tenth revisions [ICD-8, ICD-9, and ICD-10]). Repair was identified through the Swedish Inpatient Register by use of the Nordic Medico-Statistical Committee (NOMESCO) Classification of Surgical Procedures and the Swedish National Registry for Vascular Surgery (Swedvasc) by use of the integrated AAA module in that registry. Although no specific validity assessment for AAA has been performed in the Swedish Inpatient Register, it has a high validity in general 17 and a nearly complete hospitalization coverage of the Swedish population since 1987. 18 Surgical procedures have been reported as incorrect in 2% and as missing in 5.3% of the records. 17 Because the NOMESCO classification categorizes only type of procedure performed, the Swedvasc provided further information on rupture status and aneurysmal localization of repairs. The register, founded in 1987, covers all hospitals with a vascular service in Sweden since 1994, as well as 93.1% of all AAA repairs. 19 All individual discharges, repairs, and deaths resulting from intact (ICD-8, 4412; ICD-9, 4414; ICD-10, I71.4) and ruptured (ICD-8, 4412; ICD-9, 4413; ICD-10, I71.3) aneurysms in the infrarenal or suprarenal abdominal aorta and in the common or internal iliac arteries were identified up to December 31, 2011, and were considered cases for final analyses.
Assessment of Alcohol Consumption
In the 1997 food frequency questionnaire, participants reported alcohol consumption status (never, former, current drinker), frequency of consumption of specific beverages, and amounts consumed at a single occasion. Frequency during the past year was reported by use of 8 predefined categories, ranging from never to ≥3 times per day, and amount of wine, beer, and liquor consumed was reported in open-ended questions. Among current drinkers, missing values of frequency or amounts were assumed to mean the least possible consumption, that is, 0 to 1 time per month for frequency and 1 standard glass for the amount. If both frequency and amount were missing for a beverage, zero consumption was assumed. 20 After average weekly frequency of beverages had been calculated, frequency and amount were multiplied to obtain average weekly standard glass consumption. One standard glass (12 g ethanol), hereby referred to as a glass, was calculated as 15 cL wine, 8 cL strong wine, 66 cL class I beer (<2.25%), 50 cL class II beer (2.25%-3.5%), 33 cL class III beer (≥3.5%), or 4 cL liquor. Glasses of wine were obtained by combining glasses of wine and strong wine; glasses of beer were obtained by combining glasses of class I, II, and III beer. The questionnaire has been validated for alcohol intake by use of 14 interviews (each month during 1 year on randomly chosen days) that assessed 24-hour recall of intake among 248 study participants. The Spearman rank correlation coefficient was 0.81.
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Assessment of Covariates
Information on education, smoking, waist circumference, and diet was solicited in the 1997 questionnaires. Information on baseline comorbid conditions (diabetes mellitus, hypertension, hypercholesterolemia, and CVDs) was obtained by linkage to the Swedish Inpatient Register and the Swedish National Diabetes Register and supplemented with self-reported data from the questionnaires.
Statistical Analysis
Of the 48 850 men and 39 227 women eligible at baseline, we excluded those with incorrect Personal Identity Numbers (used for linkage with registers; n=540), those with history of AAA (n=169) or cancer (except for nonmelanoma skin cancer to avoid a possible misclassification of exposure; n=4383), those with missing data on alcohol consumption (n=2620), and those who died before the beginning of follow-up on January 1, 1998 (n=81). Participants in the 2 analytic cohorts were followed up until December 31, 2011, and were allowed to accrue follow-up time from baseline until the date of AAA diagnosis or repair, death, or study end, whichever occurred first.
Hazard ratios with 95% confidence intervals (CIs) for the associations between alcohol consumption and hazard of the disease were estimated with the use of Cox proportional hazards regression models. Men and women were analyzed separately because of their differences in alcohol consumption and disease incidence.
For analyses of total alcohol consumption, participants were categorized as never, former, or current drinkers, with current drinkers further categorized according to average weekly alcohol consumption (<2, 2-3, 4-6, 7-13, or ≥14 glasses for men; <1, 1, 2-3, 4-7, or ≥7 glasses for women). In analyses of specific alcoholic beverages among current drinkers, men were grouped into 4 categories depending on glasses of beverages consumed per week (<1, 1, 2-3, or ≥4), and women were grouped into 3 categories (never, <1, or ≥1 for beer and liquor; <1, 1-3, or ≥4 for wine). All specific beverages were mutually adjusted and included simultaneously in the models.
All models were stratified by age in seven 5-year categories and adjusted for smoking status (never, past or current smokers), with past and current smokers further divided by the median of packyears smoked in each group (for men and women: current, 25 and 20 pack-years; past, 15 and 10 pack-years, respectively). In multivariable analyses, further adjustments were made for education (primary school, high school, university), waist circumference (<80, 80-<88, or ≥88 cm for women; <94, 94-<102, or ≥102 cm for men), 22 and fruit consumption (quartiles of servings per day), 23 and the following were modeled as binary variables: diabetes mellitus, hypertension, hypercholesterolemia, and CVDs (angina pectoris, myocardial infarction, ischemic stroke, heart failure, or peripheral artery disease). Missing data on potential confounders were included in indicator variables.
The assumption of proportional hazards was tested by regressing scaled Schoenfeld residuals against survival time; however, there was no violation of such assumption.
By modeling the quantitative exposure of alcohol consumption using restricted cubic splines with 3 knots at fixed percentiles (10th, 50th, and 90th) of the distribution among current drinkers, we investigated a possible dose-response relationship. To obtain P values for nonlinearity, coefficients of the second spline transformation equal to zero were tested. 24 Never and past drinkers were not included in dose-response analyses or in analyses of specific beverages to account for potential bias related to characteristics of never drinkers or sick quitters.
Stratified analyses by age group (<60, 60-69, and ≥70 years), history of CVD, and smoking status (never, past, and current and packyears smoked modeled continuously) were performed. To investigate a possible effect modification between those variables and alcohol consumption, the likelihood ratio test was used to test statistical significance of a multiplicative interaction term included in the model.
Analyses were also performed by restricting the outcome to rupture and repair of intact AAA as proxy for a large diameter. Furthermore, analyses of a subcohort consisting of individuals free from CVD at baseline, with censored follow-up time from date of diagnosis of such disease, was performed in a subcohort henceforth referred to as the CVD-free subcohort. Analyses of data were performed with Stata 12.1 (StataCorp, College Station, TX), and 2-sided values of P<0.05 were considered statistically significant for all analyses.
Results
Among the 44 715 men and 35 569 women who contributed 1 019 954 person-years during the 14-year follow-up (12.7 years on average) between 1998 and 2011, AAAs occurred in 1214 participants: 1020 men (84%) and 194 women. Rupture was observed in 195 men (82%) and 43 women. Mean age at event was 73.9 years (SD, 7.2 years) and 76.3 years (SD, 7.0 years) among men and women, respectively.
The distribution of characteristics at baseline is reported in Table 1 . Compared with those who consumed the least amount of alcohol, men and women in the highest category of alcohol consumption tended to be younger, were more likely to be current smokers, were more likely to have a higher degree of education, and were less likely to have diabetes mellitus or CVDs. Men with high alcohol consumption were more likely to have hypertension, hypercholesterolemia, and a larger waist circumference, whereas the opposite associations were observed among women. Furthermore, former drinkers were generally more likely to be smokers and to have comorbid conditions and less likely to have a university education. The mean proportions of different alcoholic beverages, added to evaluate the total alcohol consumption, among current drinking men were 50% beer, 26% wine, and 24% liquor. Corresponding proportions among women who were currently drinking were 34% beer, 54% wine, and 12% liquor.
Associations between weekly alcohol consumption and AAA hazard are reported in Table 2 ; there was an inverse association with total alcohol consumption in both men and women. Compared with current drinkers who consumed the least amount of alcohol (<2 and <1 glasses per week for men and women, respectively), the hazard among those who consumed 4 to 6 glasses of alcohol per week was 20% lower among men and 44% lower among women. In stratified analyses, the hazard ratios did not differ (not shown) by age group (P interaction =0.60 for men and 0.32 for women), CVD (P interaction =0.46 for men and 0.12 for women), or smoking status (P interaction =0.88 for men and 0.37 for women) at baseline.
To investigate the dose-response relationship between total alcohol consumption and AAA hazard, glasses consumed per week among currently drinking men (Figure [A] ) and women (Figure [B] ) were modeled with the use of restricted cubic splines. The hazard decreased with increasing consumption up to ≈10 glasses of alcohol per week among men and 5 glasses of alcohol per week among women, after which no further decrease in hazard was observed (P nonlinearity =0.030 for men and 0.001 for women). Compared with 1 glass per week, Values are means unless otherwise indicated. All values (except age) were age standardized according to the sex-specific distribution of age in seven 5-year categories of the study population.
*One standard glass of alcohol (12 g ethanol) corresponds to 15 cL wine, 8 cL strong wine, 66 cL class I beer (<2.25%), 50 cL class II beer (2.25%-3.5%), 33 cL class III beer (≥3.5%), or 4 cL liquor.
†Fruits include oranges and other citrus fruits, apples and pears, bananas, and berries. ‡History of cardiovascular diseases includes angina pectoris, myocardial infarction, ischemic stroke, heart failure, and peripheral artery disease.
consumption of 10 glasses per week was associated with 20% (95% CI, 6-32) lower hazard among men, whereas consumption of 5 glasses per week was associated with 43% (95% CI, 18-60) lower hazard among women. In sensitivity analyses of the dose-response relationship, corresponding hazard ratios did not change when never and former drinkers at zero consumption were also included. Compared with <1 glass per week, the hazard ratios of AAA were 14% (95% CI, 1-26) lower among men who consumed 10 glasses per week and 36% (95% CI, 17-51) lower among women who consumed 5 glasses per week.
To investigate these associations in a clinically relevant setting, we restricted the outcome to rupture and repair of intact AAA, indicating a diameter of >55 mm among men and >50 mm among women. In these analyses, the hazard ratio of AAA was 0.78 (95% CI, 0.62-0.97; n=466 cases) among men who consumed 10 glasses per week and 0.60 (95% CI, 0.35-1.02; n=59 cases) among women who consumed 5 glasses per week compared with participants who consumed 1 glass per week.
For specific alcoholic beverages (Table 3) , consumption of beer and wine was inversely associated with AAA hazard, but only the associations for beer in men and wine in women were statistically significant. Consumption of liquor did not seem to be associated in either men or women in this population, which had a relatively low proportion of total alcohol consumption coming from liquor.
Because participants with CVDs might be more prone to undergo examinations that detect AAAs and because those with such diseases during follow-up might change their drinking pattern, we conducted analyses in a CVD-free subcohort of current drinkers with 36 184 men (n=475 cases) and 25 872 women (n=67 cases). The observed inverse associations were not statistically significant with total alcohol consumption ( Figure IA and IB in the online-only Data Supplement). Compared with 1 glass per week, the hazard ratio was 0.94 (95% CI, 0.75-1.19) among men who consumed 10 glasses per week and 0.62 (95% CI, 0.38-1.02) among women who consumed 5 glasses per week. However, for specific beverages, consumption of 1 glass of beer per week among men was associated with a 27% reduced hazard, whereas consumption of 1 to 3 glasses of wine per week among women was associated with a 46% reduced hazard compared with <1 glass per week (Table I in the online-only Data Supplement).
Discussion
In this large population-based prospective cohort of men and women, moderate consumption of alcohol was associated with a lower hazard of AAA in the whole study population but did not seem to be associated with AAA in a subcohort of participants free from CVDs. The most commonly consumed alcoholic beverages, beer for men and wine for women, were inversely associated with AAA in the entire population and in the CVD-free subcohort.
Moderate alcohol consumption is inversely associated with several cardiovascular morbidities such as coronary heart disease and stroke. [1] [2] [3] However, only 2 previous prospective studies of selected male populations have investigated the relationship between alcohol consumption and AAA hazard. One of those studies was based on a population free from CVD at baseline and during follow-up. 6 As opposed to our findings, that study observed a statistically significant trend toward a higher hazard of AAA with increasing alcohol consumption, with a statistically nonsignificant higher hazard among drinkers in the highest category of alcohol consumption (≥30 g/d [mean, 46.1 g/d], corresponding to ≈17 glasses per week) compared with those who did not consume alcohol. When we performed analyses in the CVD-free subcohorts, total alcohol consumption was not significantly associated with the disease. However, beer consumption among men and wine among women was still inversely associated. The other study of alcohol consumption and AAA included only male smokers. 7 That study reported no clear trend with total alcohol intake, but there was an indication of a J-shaped association. 25, 26 The lack of significant findings may be explained by a higher degree of oxidative stress among smokers. 27 In our study, the association between alcohol consumption and AAA hazard did not differ by smoking status.
The present study is the first to report results on the associations between alcohol consumption and AAA hazard in a large population-based sample with a prospective cohort design. It had detailed baseline information on both alcohol consumption and potential confounders. Furthermore, the study AAA indicates abdominal aortic aneurysm; CI, confidence interval; and HR, hazard ratio.
*Stratified by age in seven 5-year categories and adjusted for smoking status (current/past smokers with less than or more than or equal to the median of pack-years smoked [current, 25 for men and 20 for women; past, 15 for men and 10 for women], never smokers) †As in model 1 and further adjusted for educational level (primary school, high school, university), waist circumference (<80, 80-<88, or ≥88 cm for women; <94, 94-<102, or ≥102 cm for men), quartiles of fruit consumption (servings per day), and binary for diabetes mellitus, hypertension, hypercholesterolemia, and cardiovascular diseases (history of angina pectoris, myocardial infarction, ischemic stroke, heart failure, or peripheral artery disease).
‡Median values in the highest category of glasses per week among current drinkers were 19.7 and 9.8 among men and women, respectively. population was genetically quite homogeneous, which likely is an advantage in studies of diseases in which hereditary and environmental risk factors interact. 5 However, there are limitations to this study that deserve attention. Although it had a high completeness in register-based ascertainment of AAA cases, there was no routine investigation of participants' aortic diameter, which could lead to a possible underdetection of asymptomatic disease among participants not classified as cases. To evaluate this issue, we performed sensitivity analyses restricting the outcome to clinically relevant diameters, the prevalence of which has been reported to be ≤0.1% at 65 years of age and ≈1% at 70 years of age, 8, 11, 28 and the results did not change. As a second limitation, alcohol consumption was assessed with a self-administered frequency questionnaire, which is likely to be related to some degree of misclassification of alcohol consumption, even though assessments showed high validity. 21 Because of the prospective design, such potential sources of misclassification would be nondifferential in terms Table 2 . P for nonlinearity=0.030 for men and 0.001 for women. Dashed lines represent 95% confidence limits. One glass (12 g ethanol) per week served as reference. Vertical axis is on a log scale. Tick marks represent distribution of cases according to alcohol consumption. Histograms represent the percentage distribution of weekly alcohol consumption (by steps of 2 glasses per week for men and 1 glass per week for women) among current drinkers. The lower x axis translates glasses per week into grams per day. AAA indicates abdominal aortic aneurysm; CI, confidence interval; and HR, hazard ratio *Missing values for a specific beverage were assumed to mean the least possible consumption.
†Stratified by age in seven 5-year categories and adjusted for smoking status (current/past smokers with less than or more than or equal to the median of pack-years smoked [current, 25 for men and 20 for women; past, 15 for men and 10 for women], never smokers). All beverages were mutually adjusted and inserted simultaneously into the model. ‡As in model 1 and further adjusted for educational level (primary school, high school, university), waist circumference (<80, 80-<88, or ≥88 cm for women; <94, 94-<102, or ≥102 cm for men), quartiles of fruit consumption (servings per day), and binary for diabetes mellitus, hypertension, hypercholesterolemia, and cardiovascular diseases (history of angina pectoris, myocardial infarction, ischemic stroke, heart failure, or peripheral artery disease).
§Median values (glasses per week) in the highest categories among men and women were 5.7 and 5.7 for wine, 6.5 and 2.1 for beer, and 7.5 and 1.9 for liquor, respectively.
of AAA onset and would most likely dilute any true associations. This study also had limited statistical power to examine heavy drinking (3.6% of men and 2.2% of women in the studied population consumed ≥4 and ≥2 daily glasses, respectively). 29 Therefore, the possibility of negative effects of heavy alcohol consumption cannot be excluded. Heavy alcohol consumption and binge drinking are related to numerous adverse effects on health (eg, an increased risk of dependence problems, all-cause mortality, liver cirrhosis, pancreatitis, many cancers, cardiomyopathy, hypertension, and hemorrhagic stroke) 30, 31 and may increase the risk of AAA, putatively mediated via hypertension, 32 as reported by Wong and colleagues. 6 However, no clear association has been observed between moderate alcohol consumption and hypertension. 33 Light to moderate alcohol consumption has been found to decrease systemic inflammation and oxidative stress, 34 2 major components of the AAA pathophysiology. 5, 35, 36 In addition to ethanol, which promotes beneficial effects on lipid regulation, 3 polyphenolic content, found mostly in red wine but also in white wine and beer, 37 has been associated with further favorable effects on cellular redox state, 38 endothelial function, 39 and systemic inflammation. 40 Recently, we reported an inverse association between fruit consumption and AAA hazard, an association that might, at least in part, be explained by flavonoids (eg, procyanidins) and other antioxidants present in fruit. 23 The NADPH oxidase, which promotes oxidative stress and inflammation in the aortic wall, 36, 41, 42 has been shown to be inhibited by procyanidins, 43 which are found not only in fruits but also in wine and grape pomace, 37, 43 as well as in beer. 37 The most commonly consumed alcoholic beverages in this study population, beer among men and wine among women, were observed to be specifically inversely associated with AAA hazard.
The differences in biological response to total alcohol (ethanol) and polyphenol-containing beverages (wine and beer) might explain the observed discrepancy of results in main analysis and the CVD-free subcohort (in which the censoring of CVD events seemed to be informative in analyses of total alcohol). Because ethanol targets mainly lipid regulation, disregarding those who would benefit the most from such regulation (ie, those who attain CVDs) 44 would leave those who would not require such benefits for analysis (ie, the CVD-free subcohort). It was recently demonstrated that genetic risk profiles for lipid factors and coronary artery disease were associated with the prevalence of AAA. 45 Thus, the informative censoring in the CVD-free subcohort might be explained by a redundant ethanol-induced regulation of lipids among participants who would not need such regulation, that is, those without genetic predisposition for hyperlipidemia, CVD, and AAA. The polyphenol-containing beverages (wine and beer) seemed to be associated with a lower hazard of AAA regardless of whether a participant attained CVD or not. Given the more general spectra of favorable effects derived from polyphenols, an inverse association with AAA might be expected to remain even in the CVD-free subcohort. Nevertheless, given the potential adverse effects, alcohol consumption is not recommended as a preventive approach for any disease, and the American Heart Association recommends a maximum daily consumption of no more than 2 drinks for men and 1 drink for women. 46 
Conclusions
The results of this study indicate that moderate alcohol consumption may reduce the hazard of AAA among men and women, which is consistent with previous studies on other cardiovascular-related morbidities. This study adds to the evidence that moderate consumption of alcohol is not harmful and that nondistilled alcoholic beverages may possess protective properties against the development of AAA. The effect of higher doses of alcohol on the risk of the disease remains unknown.
